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© A method of measuring the concentration of urea In a liquid sample employing a urea sensor including 
urease associated with an electrode adapted to generate output response to ammonium ions. The method 
includes contacting the sensor with the liquid sample so that at least a portion of the urea in the liquid sample is 



converted by the urease to ammonium ions, the ammonium ions contacting the electrode to generate output 
^related to the urea concentration but being unadjusted for the variation in the proportion of urea converted to 
ammonium ion by the urease at different urea concentrations; and adjusting the output for the variation in the 
proportion of urea converted to ammonium ions by the urease at different urea concentrations. 
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BUN SENSOR 



Background of the Invention 



The invention relates to measuring the urea concentrations of liquid samples, 
s Urea sensors having a urease layer and an ammonium ion sensitive electrode are known (see e.g., 
Niiyama et a!. f European Patent Application No. 84113477.8). When such sensors are contacted with a 
liquid sample, the urease converts urea In the sample to ammonia, which In solution forms ammonium ions. 
The ammonium ions contact the electrode to produce a mV output proportional to the concentration of 
ammonium ions. 



Summary of the Invention 



75 In general the Invention features, in one aspect, a method of obtaining an accurate measurement of the 
concentration of urea in a liquid sample such as whole blood. According to the method, the liquid sample is 
contacted with a urea sensor that includes a urease layer associated with an electrode adapted to generate 
output in response to ammonium ions. The urease layer converts a portion of the urea in the sample to 
ammonium ions, and the ions contact the electrode to generate output related to the urea concentration in 

20 the sample but being unadjusted for the variation in the proportion of urea converted to ammonium Ions by 
the urease layer at different urea concentrations. The output is then adjusted for this variation to provide an 
accurate measurement of the urea concentration. 

In some preferred embodiments, the method further includes obtaining a urea conversion correction 
slope that takes into account the variation in the portion of the urea in a sample converted to ammonium ion 

25 at different urea concentrations, and adjusting the output in accordance with the slope. 

In other preferred embodiments, the output also is adjusted for the potassium and sodium ions in the 
liquid samples. Taking these ions into account ensures a more accurate measurement of the ammonium ion 
concentration. 

The method can be carried out using an analyzer for measuring the urea concentration of a liquid 
30 sample. The analyzer includes the urea sensor and a microprocessor adapted to receive the output from 

the electrode and to adjust the output for the variation in the proportion of urea converted to ammonium 

ions by the urease at different urea concentrations. 

In some preferred embodiments, the analyzer further Includes a data output port connected to the 

microprocessor to provide the measurement to the operator of the analyzer. 
35 In other preferred embodiments, the microprocessor is further adapted to obtain a urea conversion 

correction slope that takes into account the variation in the portion of the urea in a sample converted to 

ammonium ion at different urea concentrations. 

The proportion of urea converted to ammonium ions by a given urease layer can vary for different urea 

concentrations. There is, however, a linear relationship between the proportion of urea converted and the 
40 concentration of urea in the sample. The above invention uses this linear relationship to provide accurate 

measurments of urea concentrations in test samples. 

Another aspect of the invention features a urea sensor that includes an ammonium-ion sensitive 

electrode and an adjacent 1 to 50 microns (preferably 4 to 10 microns) thick urease layer. The urease layer 

includes a polymeric (e.g., polyester) membrane having a pore size of 0.1 to 10 microns (preferably 0.8 to 2 
45 microns), and urease immobilized on the polymeric membrane. Preferably the urease is immobolized on 

the face of the membrane adjacent the ammonium ion electrode, but not on the membrane's liquid sample 

contacting face. The sensor is durable, provides consistent results, and has a good response time. The 

limited pore size does not allow the passage of large interfering substances, and meters the passage of 

urea into the membrane. Moreover, in the preferred embodiment, not having urease on the surface 
so contacting face of the membrane protects the enzyme from being contaminated by extraneous large liquid 

sample components. 

Other features and advantages of the invention will be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 
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Description of the Preferred Embodiment 



The drawing is first described. 

5 

Drawing 

The Figure is a sectional view of a urea analyzer of the invention, 
ro Referring to the Figure, urea sensor 10 includes flow cell 12, electrode body 14, and urease membrane 
cap 16. 

Row cell 12 is constructed of a suitable liquid Impervious material (e.g., polystyrene, polymethacryiate) 
and has liquid inlet 18, chamber 20, and liquid outlet 22. 

Electrode body 14 (O.D., e.g., 0.33"; I.D., e.g., 0.21"; height, e.g., 1.41") includes ammonium ion 
75 sensitive electrode 28 (e.g., a standard nonactin-based ammonium ion selective membrane electrode). 
Electrode body 14 further Includes chamber 30, which is filled with a suitable reference solution; internal 
reference electrode 32 (e.g., Ag/AgCI wire); and a silicone plug 34. The walls of electrode body 14 can be 
made of any suitable material (e.g., PVC). 

Urease membrane cap 16 (made of, e.g., delrin) fits over the sample contacting end of electrode body 
20 14 and includes a urease layer 24. Urease layer 24 consists of a 4 to 10 microns thick (more preferably 5 
microns thick) polyester membrane having a pore size of 0.1 to 10 microns (more preferably 0.8 to 2.0 
micron most preferably 0.8 micron). The urease is immobolized only on inner face 25 of the membrane, i.e., 
the face adjacent to electrode 28. The urease is immobolized on the polyester membrane by conventional 
methods, such as gluteraldehyde crosslinking. 
25 Having the urease immobolized only on inner face 25 prevents direct exposure of the enzyme to the 
bulk sample solution, as only small molecules such as urea itself can diffuse throughout the pores. 
Accordingly, large substances such as red blood and proteins are prevented from contacting the urease, 
increasing the functional lifetime of the urease layer. 

The thinness of the polyester membrane results in the sensor having a fast response time. Moreover, 
30 the thinness provides the sensor with an excellent washout time. 

The limited pore size, in addition to not allowing the ready passage of large substances through the 
membrane, meters the passage of urea through the membrane and into contact with the urease. This helps 
prevent the enzyme from being saturated with urea, and leads to a consistent sensor response. 

Lead wire 36 connects the sensor to an amplifier, which in turn is connected to computer 40, e.g., an 
35 Intel SBC 80/1 0B computer including a 8080A CPU microprocessor. Data output port 42, associated with 
computer 40, provides data in readable form to the operator. A standard external reference electrode 38 
also is connected to computer 40. 

In use, a liquid sample (e.g., an undiluted clinical sample such as serum or whole blood) flows into 
chamber 20 through liquid inlet 18. Urea In the liquid sample contacts the urease in urease layer 24, and a 
40 portion of the urea is converted to ammonia, which forms ammonium ions in solution. The ammonium ions 
generated contact electrode 28 to produce an electrical signal (or output). The signal is passed to computer 
40 via lead wire 36, and is proportional to the concentration of ammonium ion In the solution, and thus 
proportional to the portion of urea in the liquid sample that has been converted to ammonia. The 
microprocessor is programmed to do the relevant calculations, and the results are transmitted in readable 
45 form to the operator through output port 42. 

If urease layer 24 converted the same proportion of urea to ammonium ions at all urea concentrations 
(and ignoring for the moment the effect of K* and Na* on the measurement), the urea concentration of an 
unknown sample could be determined by measuring the mV output of sensor 10 for two standards 
containing known urea concentrations; determining the Nerstian slope relating mV to ammonium ion 
50 concentration; obtaining the mV output of a test sample; and using the Nernst equation to calculate the urea 
concentration of the test sample. The % conversion of urea by urease layer 24 varies, however, with the 
urea concentration in the liquid sample. 

For a given urease layer, there is a linear relationship between the urea concentration and the % 
conversion. The method of the invention takes this relationship into account to provide accurate measure- 
55 ments of urea concentrations in test samples. 

The most preferred method also takes into account the output from ammonium ion sensitive electrode 
28 attributable to K and Na* in the test sample. 

The most preferred method includes the following four steps: 
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(1) Calibrating urea sensor 10 for ammonium ion using two standards; 

(2) Calibrating urea sensor 10 for urea using two urea standards; 

(3) Obtaining a urea conversion correction slope that takes into account the variation in the portion of 
the urea in a sample converted by a particular urease layer to ammonium ion at different urea concentra- 

5 tions; and 

(4) Obtaining an accurate measurement of the urea concentration in the test sample, using the 
information derived during steps (1), (2), and (3). The four steps are discussed in more depth below. 

In step (1), two standards (A, B) that contain known concentrations of NlV (C A , C B ), K*^C K '), and Na* - 
(C Na ') are used to determine the ammonium Nernstian slope (S) for sensor 10; Na* and K standards are 
70 run to account for the limited sensitivity of ammonium ion electrode 28 to Na* (estimated as 350:1) and K* 
(estimated as 7:1). The mV output obtained with standards A and B can be expressed in conventional 
Nernstian form (equations (1) and (2), respectively). 



75 



25 



Esto + Sl0g(C* + Crjjf + Cj^) (1) 

350 7 



E 8 - Esro + Slog(C B - + C H f » Ck * ) (2) 
20 350 7 

Equation (1) can be subtracted from equation (2) to give equation (3). 



C 9 ¥ CnjT + 

AE, =• Ea — E A « Slog Ca ; ^ (3) 

350 7 

30 In equation (3), the only unknown is slope S, which can be readily soived because E A and E Q (the mV 

output measured for the standards) and the various concentrations are known. 

In step (2), the urea conversion factors (f c and f D )-the fraction (or portion) of urea actually converted to 

ammonium ions at a specific urea concentration-are calculated by using two standards (C t D) having known 

concentrations of urea (C c , C D ), sodium ion (C Na for sample C; C Na " for sample D), and potassium ions (C K 
35 for sample C; C K " for sample D). The mV outputs obtained with standards C and D can be expressed in 

conventional Nernstian form (equations (4) and (5), respectively). 

Ec » Esto + Slog[(C c F c ) + Cnjl + Ck] (4) 

350 7 

40 

E 0 - Esto + SlogC(Cofo) * C- ,* + ] 

350 7 

45 By subtracting equation (1) from equation (4), equation (6) is obtained. 

C c £c + Cm a Ci 

50 350 7 

By subtracting equation (2) from equation (5), equation (7) is obtained. 

55 



(5) 
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A E 3 " E D ~ E B " S lo « 



350 7 

70 

E A , Ec, and C c and C D ; C Na ', C Na ", and C Na ; C K \ C K ", and C K ; and S are known quantities. Accordingly, 

f c and f D can be determined from equations (6) and (7), respectively. 

The linear relationship between the concentration of urea and the % conversion of urea by a given 

urease layer allows the values obtained in equations (6) and (7) to be expressed in conventional y « mx + 
75 b terms (equations (8) and (9) respectively). 

logCcfc 9 rnlog Cc + b (8) logCofD 3 mlog C 0 + b (8) In step (3), the urea conversion correction 

slope m and constant b are obtained by solving for the values in equations (8) and (9). 

In step (4), an accurate measurement of the urea concentration In a test sample (X) Is determined. 

Initially, the Na* and K* concentrations (Cfj ax , C Kx ) of the test samples are obtained using standard 
20 potassium and sodium sensors. Next, the Cxfx value for the test sample (where C x is the urea concentration 

of the test sample and f x is the pertinent urea conversion factor) is determined by subtracting conventional 

Nernstian equation (10) from equation (4), to give equation (11), and substituting in the known values for E x 

(mV output from the test sample), Ec, S, C c , fc . C Nax . C Kx , , and C K . 



C D f D + CNa w + Ck" 



C B + CNa' + Ck' 



25 



- Esro * SlogC(Cxfx) ♦ Qsjls * £sjl1 (10) 

350 7 



30 



IE* m E x - E c - Slog 



Cxfx + Clan + C< x 

~150 7 (11) 

C c fc * Cm a + Cjl 
350 7 



Rnally. the urea concentration of the sample, Cx. is determined using equation (12) (m and b for the urease 
layer having been determined in step (3)): 
log Cxfx = mlogCx + b (12) 

For the purposes of this application, E x is the output related to the urea concentration of the test sample 
that is unadjusted for variation in the proportion of urea converted to ammonium ion at different urea 
concentrations. The steps of solving for C x fx and then determining the value of C x using equation (12) are 
the preferred approach to adjusting this output for this concentration variation to provide an accurate 
measure of the urea. 

The urea concentrations of other test samples can be determined using sensor 10 simply by repeating 
step (4). 

A suitable program In assembly language for performing the above calculations on an 8080A CPU 
microprocessor is included as an appendix to this application. 
Other embodiments are within the following claims. 
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1. A method of measuring the concentration of urea in a liquid sample employing a urea sensor 
including urease associated with an electrode adapted to generate output in response to ammonium ions, 
said method characterized by the steps of: 

5 contacting said sensor with said liquid sample so that at least a portion of the urea in said liquid sample is 
converted by said urease to ammonium tons, said ammonium ions contacting said electrode to generate 
output related to said urea concentration but being unadjusted for the variation In the proportion of urea 
converted to ammonium Ion by said urease at different urea concentrations; and 

adjusting said output for the variation in the proportion of urea converted to ammonium ions by said urease 
w at different urea concentrations. 

2. The method of claim 1, further characterized by obtaining a urea conversion correction slope that 
takes into account the variation In the portion of the urea in a sample converted to ammonium ion at 
different urea concentrations, and adjusting said output in accordance with said slope. 

3. The method of either of the preceding claims further characterized in that said liquid sample 
is comprises a clinical sample. 

4. The method of claim 3 further characterized in that said clinical sample is serum. 

5. The method of claim 3 further characterized in that said clinical sample is whole blood. 

6. The method of claim 5 further characterized in that said whole blood is undiluted. 

7. The method of any of the preceding claims, further characterized by adjusting said output for the 
20 potassium ion in said liquid sample. 

8. The method of claim 7, further characterized by determining the potassium ion concentration of said 
liquid sample, and adjusting said output for the potassium ion in said liquid sample using said potassium 
ion concentration. 

9. The method of any of the preceding claims, further characterized by adjusting said output for the 
25 sodium ion in said liquid sample. 

10. The method of claim 9, further characterized by determining the sodium ion concentration of said 
liquid sample, and adjusting said output for the sodium ion in said liquid sample using said sodium ion 
concentration, 

11. An analyzer for measuring the urea concentration of a liquid sample, characterized in that said 
30 analyzer comprises: 

a urea sensor comprising a urease layer that converts at least a portion of the urea in a liquid sample to 
ammonium ions, and an electrode associated with said urease layer and adapted to generate output in 
response to said ammonium ions; and 

a microprocessor adapted to receive said output and to adjust said output for the variation in the proportion 
35 of urea converted to ammonium ions by said urease at different ammonium concentrations to provide a 
measure of said urea concentration. 

12. The analyzer of claim 11, further characterized in that a data outlet port is connected to said 
microprocessor to provide said measure to an operator of the analyzer. 

13. The analyzer of claim 12, further characterized in that said microprocessor is adapted to obtain a 
40 urea conversion correction slope that takes into account the variation in the portion of the urea in a sample 

converted to ammonium ion at different urea concentrations. 

14. A sensor for measuring the concentration of urea in a liquid sample, characterized in that said 
sensor comprises 

an ammonium ion sensitive electrode; and 
45 a 1 to 50 microns thick urease layer having a first face that contacts said liquid sample to allow urea in said 
liquid sample to pass into said urease layer and a second face positioned adjacent said ammonium ion 
selective electrode, said urease layer comprising a polymeric membrane having a pore size of 0.1 to 1.0 
micron, and urease Immobolized on said polymeric membrane. 

15. The sensor of claim 14 further characterized in that said polymeric membrane comprises polyester, 
so 16. The sensor of either of claims 14 or 15 further characterized in that said urease layer is 4 to 10 

microns thick. 

17. The sensor of any of claims 14-16, inclusive, further characterized in that said polymeric membrane 
has a pore size of 0.8 to 2.0 microns. 

18. The sensor of any of claims 14-17, inclusive, further characterized in that said urease is 
55 immobolized on said second face, but not said first face, of said polymeric membrane. 
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